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and temporarily displayed, during the healing process, adequate mechanical support. Laxity of these
devices is an important concern. This can cause failure since it may result in joint instability. Laxity
results from a progressive accumulation of plastic strain during the cyclic loading. The functional com-
patibility of a biodegradable synthetic graft and, therefore, the global mechanical properties of the
scaffold during degradation, can be optimised using computer-aiding and numerical tools. Therefore, in
this work, the ability of numerical tools to predict the mechanical behaviour of the device during its
degradation is discussed. Computational approaches based on elastoplastic and viscoplastic constitutive
models are also presented. These models enable to simulate the plastic strain accumulation. These
computational approaches, where the material model parameters depend on the hydrolytic degradation
damage, are calibrated using experimental data measured from biodegradable suture ﬁbres at different
degradation steps. Due to durability requirements the selected materials are polydioxone (PDO) and
polylactic acid and poly-caprolactone blend (PLA–PCL). Computational approaches investigated are able
to predict well the experimental results for both materials, in full strain range until rupture and for
different degradation steps. These approaches can be further used in more complex ﬁbrous structures, to
predict its global mechanical behaviour during degradation process.
& 2015 Elsevier Ltd. All rights reserved.1. Introduction
Traditionally, ligament injuries have been treated by using
biological grafts (autografts or allografts) (Amiel et al., 1990). Some
non-degradable synthetic braided or twisted ropes, or knitted
fabrics, have been conditionally approved by the FDA only for
revision surgeries, for ligament tissue repair (McPherson et al.,
1985). In fact, these structures are able to reproduce the typical
non-linear load–displacement curve, characterised by an initial
low stiffness region, known as toe region, and a second region of
higher stiffness for greater loads. The short-comings of biological
and non-degradable synthetic grafts, described in a previous,
V. Tita).review (Vieira et al., 2009), may be overcome using biodegradable
grafts.
A successful biodegradable graft must be functionally compa-
tible in order to allow immediate stabilisation of the joint as well
as the tissue ingrowth (Vunjak-Novakovic et al., 2004). In other
words, it must have similar global mechanical behaviour (shape of
the load–displacement tensile plot) and endurance strength, as
well as creep resistance during all the rehabilitation (Vieira et al.,
2009). Hence, its degradation rate must also be compatible with
the ligament tissue recovery to avoid stress shielding or rupture of
the new tissue (Vieira et al., 2009). The aim is to protect the new
tissue from the forces developed by active mobilisation, while
allowing gradual increase of exposure to loading. This will enable
the tissue to develop more naturally in a more effective way
(Vieira et al., 2009). Due to durability requirements, materials with
slow degradation must be selected (Vieira et al., 2009).
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develop a structure, in order to make it functionally compatible, is
a major step for the design process of a biodegradable graft. Nor-
mally, the functional compatibility is issued from a trail-and-error
approach using mechanical tensile tests for its validation. The
extension of the non-linear region, the compliance in the linear
region, and the strength of the synthetic ﬁbrous structure will
depend on the geometrical position of the yarns. Therefore, the
load–displacement plot of the graft will depend on the fabrication
parameters, such as the number of yarns, their materials and
dimensions, the braiding or twisting angle, or the number of
layers.
Due to the nonlinear response of the stress vs. strain relation,
the classical linear elastic model is not valid for simulation of
polymers under large strains. In many cases, the biodegradable
grafts are submitted to cyclic loading that may lead to stress above
yielding. Hence, they are prone to accumulate plastic strain at each
cycle, which may lead to excessive laxity and consequent failure of
the device (Vieira et al., 2009). Alongside to its nonlinear response,
the mechanical behaviour of polymers is also time-dependant
(Bardenhagen et al., 1997). Current designs of biodegradable
devices have been carried out by considering elastic or elasto-
plastic behaviour and they neglect any change on the mechanical
behaviour caused by hydrolysis (Moore et al., 2010).
For all these reasons, this manuscript discusses two material
models used to simulate the mechanical behaviour of biodegrad-
able synthetic grafts used in the repairing of ligament tissues.
These grafts will temporarily replace their biomechanical func-
tions until the full regeneration of the natural tissue. Therefore, in
the following section different approaches to model the three
dimensional morphology, hydrolytic degradation and constitutive
equations, are reviewed. Finally, two constitutive models, an
elastoplastic and a viscoplastic, are used to simulate the mechan-
ical behaviour of two potential biodegradable materials, candi-
dates for ligament tissues repair considering hydrolysis rates.
These two constitutive models are compared in terms of their
simplicity and ability to simulate the time-dependant mechanical
behaviour and the plastic strain accumulation at each loading
cycle.2. Mechanical behaviour modelling of a ﬁbrous structure
during degradation
2.1. Modelling of the three dimensional morphology
3D modelling approaches to determine the tensile response as
a function of the fabrication parameters are necessary to virtually
assemble the ﬁbrous structures at the yarn scale. Only few
approaches of those were developed and used as predictive tools.
Those approaches showed that the mechanical behaviour can be
tailored in a virtual environment, and enabled the parametric
optimisation in terms of mechanical output by comparing differ-
ent combinations of yarns and ﬁbrous structure morphologies.
In the work of Laurent et al. (2012), a computational model was
used to simulate multilayer braided scaffolds and predict their
mechanical behaviour as function of fabrication parameters. Each
yarn of the braid was individually modelled as a beam. That model
also considered contact and friction interactions between the
yarns. An elastoplastic constitutive model was used to simulate the
global mechanical behaviour and the local stress ﬁelds. Therefore,
it enabled to predict the plastic strain according to a certain
applied load. However, it disregarded the material properties
evolution due to hydrolysis.
In other work (Vieira et al., 2012) the 3D geometry was mod-
elled based on the yarn trajectory during the braiding process viaFinite Element Method. Therefore, geometry depends on the
process parameters, such as yarn dimensions, material properties,
number of yarns in the rope and its pitch angle. A hyperelastic
constitutive model (neo-Hookean model) was implemented in
ABAQUS by using UMAT (User Material Subroutine). In that case
the computational model was unable to predict the plastic strain.
However, the material model parameters evolution was calculated
in function of the degradation time.
2.2. Modelling of the hydrolytic degradation
In general, for biodegradable polymers in biomedical applica-
tions, the most important degradation mechanism is chemical
degradation via hydrolysis or enzyme-catalyzed hydrolysis
(Göpferich, 1996). The main advantage of synthetic polymers over
natural polymers is that they are mostly hydrolytically degradable
polymers and almost insensible to enzymatic degradation.
Therefore, the characterisation of degradation is easier, because an
aqueous medium, like Phosphate Buffer Solution (PBS), can be
used as a representative model for degradation. In a previous work
(Vieira et al., 2010), it was shown that the mechanical behaviour
evolves during time, due to hydrolytic chain scission in the poly-
meric macromolecules. In fact, it has been shown by Vieira et al.
(2011a) that the fracture strength s during degradation has a
similar evolution to the number-average molecular weight of the
polymer, and can be predicted by the following equation:
e 1t ut0σ σ= ( )−
where u is the hydrolytic degradation rate of the material, tσ is
the strength of the polymer at degradation time t; and 0σ is the
initial (non-degraded) strength.
Eq. (1) can be used as failure criterion, as demonstrated by
Vieira et al. (2011b). The hydrolytic damage dh was deﬁned by
Vieira et al. (2011a), according to the following equation:
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where Mn0 and Mnt are the number-average molecular weight
of the polymer at the beginning of the degradation process and at
time t, respectively. Hence, in order to simulate the evolution of
the mechanical behaviour of biodegradable polymers, the con-
stitutive models must be adapted accordingly to hydrolytic
damage dh.
2.3. Constitutive models
A constitutive model for a mechanical analysis establishes a
relationship between the response of a body (for example, the
strain state) and the stress state due to the forces acting on the
body. The elastoplastic models can simulate the time-independent
non-linear response, which corresponds to the relaxed conﬁg-
uration. These models include at least one sliding element in its
formulation. Therefore, the loading and unloading paths do not
coincide. After unloading, the material returns to a relaxed con-
ﬁguration, which includes some plastic strain. In the present work,
the classic bilinear isotropic hardening model is used to simulate
the mechanical behaviour of two biodegradable polymers during
its hydrolytic degradation. This simple model, frequently referred
as J2 ﬂow theory, has only four (4) material model parameters,
namely the Young’s modulus E, the Poison’s ratio ν, the yield stress
sy and the linear hardening rate H.
In order to consider time dependency, dissipative elements can
be used in the model formulation. The simplest time-dependant
models consider a linear combination of springs (using the
Hooke’s law) and dashpots (using Newtonian damper with linear
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(Arruda and Boyce, 1993; Bardenhagen et al., 1997; Bergström
et al., 2002; Boyce et al., 1988; Dafalias, 1991; Drozdov and Gupta,
2003; Fancello et al., 2006; Harren, 1995; Hasan and Boyce, 1995;
Hausler and Sayir, 1995; Holzapfel, 1996; Johnson et al., 1995;
Lubarda et al., 2003; O'Dowd and Knauss, 1995; Reese and
Govindjee, 1998; Rubin, 1987; Zdunek, 1993). These material
models are based on the same concept of networks, combining
elastic, sliding and dissipative elements, in order to simulate the
viscoplastic response of the material.
However, those models are only able to simulate the initial
mechanical behaviour of the polymers, neglecting changes in the
material properties due to hydrolysis. It is possible to ﬁnd only few
scientiﬁc contributions in the literature about modelling of the
mechanical behaviour of biodegradable polymers during the
hydrolytic degradation process. Those approaches are based on
hyperelastic models (Soares et al., 2010; Vieira et al., 2011a), or on
quasi-linear viscoelastic models (Muliana and Rajagopal, 2012), or
on viscoplastic models (Khan and El-Sayed, 2012, Vieira et al.,
2014). The computational approach proposed by Vieira et al.
(2014), using the modiﬁed Bergström and Boyce (1998) visco-
plastic model to simulate the mechanical behaviour of PLA–PCL
yarns during hydrolytic degradation, has been extended for PDO
yarns. In fact, this is a far more complex model, having nine
(9) material model parameters and the mathematical details of
this approach can be found in Vieira et al. (2014).
Therefore, the aim of this work is to show a computational
approach to adapt the different constitutive models in order to
simulate the mechanical behaviour, considering the hydrolytic
degradation process. The main characteristic of this present
approach consists of modifying the material model parameters as
function of a scalar ﬁeld, which represents the hydrolytic degra-
dation and the correspondent chemical damage. This damage
promotes changes in the mechanical behaviour of biodegradable
materials. The proposed approach can then be used to simulate,
not only, the global mechanical behaviour during hydrolytic
degradation, but also the local stress ﬁelds for a ﬁbrous structure
made of biodegradable polymer. For this purpose, two constitutive
models commonly used to predict the non-linear mechanical
behaviour of polymers for moderate to elevated strain levels, have
been used. Both models enable the prediction of plastic strain
accumulation, which leads to laxity. The difference between both
models is the ability to predict the time-dependant behaviour.
Therefore, although the Bergstrom–Boyce viscoplastic model is far
more complex, it enables a more precise prediction of the
mechanical behaviour for generic loading scenarios. For example,
it allows the prediction of the mechanical behaviour independent
of the strain rate, and other phenomena commonly observed in
polymers, such as creep, relaxation and the hysteric looping
observed during unloading–reloading cycles.1000
1500
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Fig. 1. (a) Evolution of the linear hardening rate H during hydrolytic degradation;
(b) Yarn of PLA–PCL at 0, 2, 4 and 8 weeks of degradation.3. Materials and methods
3.1. Experimental tests
Suture ﬁbres of PLA–PCL and PDO, with 400 μm diameter were provided by
Chirmax. Test specimens of 100 mm long were cut for each experiment. The yarn
specimens were placed in 50 ml test tubes and submitted to different degradation
steps (0, 2, 4 and 8 weeks for PLA–PCL; 0, 2 and 4 weeks for PDO) under PBS at
constant temperature (37 °C). Then, specimens were dried (24 h in incubator at
37 °C) at the end of each degradation step. Finally the specimens were mono-
tonically quasi-static tensile tested under displacement rate of 250 mm/min in a
universal testing machine (TIRAtest 2705) with a load cell of 500 N and grips
especially designed for yarns. The distance between the machine test grips was set
to 50 mm. These tensile tests were used to calibrate the material models para-
meters for each degradation step. These results have been compared to the pre-
dictions of both models in the following results section. The experimental resultsuntil rupture can be found in previous publications (Vieira et al., 2009, 2013).
Furthermore, dry and swelled specimens were tested at different strain rates. It was
shown that the mechanical behaviour of a PLA–PCL yarn after swelling, when
loaded at 500 mm/min presents a stiffness decrease. Swelled yarn mechanical
behaviour was similar to the dry yarn loaded at 30 mm/min.
3.2. Calibration of the material models parameters
Based on the experimental results (the average of three tests), inverse analysis
to identify the parameters of the model was carried out by using MCalibration™
software (from Veryst Engineering). The calibration technique used to minimise the
difference between the experimental results and the model predictions was the
Nelder–Mead method. A parametric study for all parameters enabled one to
identify the most sensitive parameters of each material model, regarding the
prediction of the experimental results. After determining the most sensitive
parameters for each degradation step, they were ﬁtted by linear regression as
function of the degradation damage d(t,u), deﬁned by Eq. (2).
In the case of the bilinear isotropic model, it was veriﬁed that the Young's
modulus E, the Poison's ratio ν and the yield stress sy remain constant during
degradation. This result is in accordance with experimental observations, i.e. the
initial linear region of the stress–strain curve remains unchanged during degra-
dation, and the main differences between the curves are above yielding. Then, the
linear hardening rate H was determined for each degradation step via calibration.
In the case of Bergstrom–Boyce model, the shear modulus m and the ﬂow resis-
tance τbase are the most sensitive parameters, while the predicted results are almost
insensible to deviations of 10% of the other parameters, as shown by Vieira et al.
(2014). Then they were ﬁtted by linear regression as function of the degradation
damage d(t,u), while the other parameters were set constant during the hydrolytic
degradation process, assuming averaged values identiﬁed from the different hydrolytic
degradation steps. Finally, using the correspondent linear regression to calculate the
most sensitive parameters as function of the degradation damage d(t,u), the predic-
tions for both materials were compared against the experimental results for different
degradation steps.4. Results
4.1. Monotonic tensile test predictions via bilinear isotropic model
Assuming that the elastic region remains the same during
degradation, the elastic modulus E, the Poison’s ratio ν and the
yield stress sy remain constant during degradation (2300 MPa,
0.4 and 100 MPa, respectively). The linear hardening rate H was
determined by calibration for each degradation step of the PLA–
PCL. After then the estimated values were ﬁtted by linear regres-
sion as function of the degradation damage d(t,u). In Fig. 1(a), the
linear hardening rate H decreasing nearly linearly as function of
the hydrolytic damage is observed, and in Fig. 1(b), images of
degraded yarns of PLA–PCL are observed. Based on this linear
equation to estimate the linear hardening parameter H(d), the
Fig. 2. Experimental results of monotonic tensile test at 250 mm/min and predictions via bilinear isotropic model of PLA–PCL yarn after: (a) zero weeks, (b) two weeks, (c)
four weeks and (d) eight weeks of hydrolytic degradation.
Table 1
List of the bilinear isotropic material model parameters identiﬁed by calibration for
each hydrolytic degradation step of PLA–PCL, with only one active parameter (the
linear hardening rate H).
Model parameters 0 Weeks 2 Weeks 4 Weeks 8 Weeks
dh¼0.00 dh¼0.18 dh¼0.33 dh¼0.55
E – Young’s modulus (MPa) 2300 2300 2300 2300
ν – Poison’s ratio 0.4 0.4 0.4 0.4
ry – Yield stress (MPa) 100 100 100 100
H – Linear hardening rate (MPa) 3678 2844 2161 1144
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for different degradation steps. The results are shown in Fig. 2.
A list of the bilinear isotropic material model parameters used
in the predictions of the response of PLA–PCL to tensile tests
during hydrolytic degradation is presented in Table 1.
A similar approach was performed to simulate the response of
the PDO to a monotonic tensile test, assuming that the elastic
modulus E, the Poison's ratio ν and the yield stress sy remain
constant during degradation (5800 MPa, 0.4 and 58 MPa respec-
tively). Thus, the linear hardening rate H was determined by
calibration for each degradation step and, ﬁnally, the estimated
values were ﬁtted by linear regression as function of the degra-
dation damage d(t,u). The predicted results, using this approach to
estimate the linear hardening parameter H(d), are shown in Fig. 3.
A list of the bilinear isotropic material model parameters used
in the predictions of the response of PDO to tensile tests during
hydrolytic degradation is presented in Table 2.4.2. Monotonic tensile test predictions via Bergström–Boyce model
Highlighting all the Bergström–Boyce material model para-
meters remain constant during degradation, but the two most
sensitive ones, the shear modulus m and the ﬂow resistance τbase.
These two parameters were determined by the calibration per-
formed at each degradation step. In a previous work (Vieira et al.,
2014) shear modulus and ﬂow resistance were ﬁtted by linear
regression as function of the degradation damage d(t,u). It was
observed that shear modulus m decreases nearly linearly with the
hydrolytic damage, i.e. the hydrolytic degradation process softens
the polymers. On the other hand, it was found that the ﬂow
resistance τbase increases nearly linearly with the hydrolytic
damage. Thus, the mechanical behaviour of the polymer was
predicted based on these linear equations for the shear modulus
m(d) and the ﬂow resistance τbase(d), whereas the other material
model parameters values were previously set constant at different
hydrolytic degradation steps. In a previous work, the experimental
results were compared against predictions using this approach. A
list of Bergström–Boyce material model parameters used to pre-
dict the mechanical response of PLA–PCL under tensile loading
during hydrolytic degradation was obtained. In the present work, a
similar approach was also used to simulate the response for a
monotonic tensile test of the PDO. The predicted results, using this
approach to estimate the shear modulus m(d) and the ﬂow resis-
tance τbase(d), are shown in Fig. 4.
A list of the Bergström–Boyce material model parameters used
to predict the mechanical response of PDO under tensile loading
during hydrolytic degradation is presented in Table 3.
Fig. 3. Experimental results of monotonic tensile test at 250 mm/min and predic-
tions via bilinear isotropic model of PDO yarn after: (a) zero weeks, (b) two weeks
and (c) four weeks of hydrolytic degradation.
Table 2
List of the bilinear isotropic material model parameters identiﬁed by calibration at
each hydrolytic degradation step of PDO, with only one active parameter (the linear
hardening rate H).
Model parameters 0 Weeks 2 Weeks 4 Weeks
dh¼0.00 dh¼0.39 dh¼0.62
E – Young’s modulus (MPa) 5800 5800 5800
ν – Poison’s ratio 0.4 0.4 0.4
ry – Yield stress (MPa) 58 58 58
H – Linear hardening rate (MPa) 11074 8151 6360
Fig. 4. Experimental results of monotonic tensile test at 250 mm/min of PDO yarn,
and predictions via Bergström–Boyce model, after: (a) zero weeks, (b) two weeks
and (c) four weeks of hydrolytic degradation.
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The predicted results of monotonic tensile tests until rupture,
considering different steps of hydrolytic degradation, show a good
correlation for both the material models. The coefﬁcient of deter-
mination R2 for both materials is above 0.96, for the bilinear iso-
tropic model, or above 0.98 for the Bergström–Boyce model. This
good correlation is due to the fact that model calibration and
validation of results are based on the same experimental data. This
correlation would decrease, if model results were validated using
experimental data obtained under different loading conditions,
like cyclic loading. In conclusion, the Bergström–Boyce model is a
bit more accurate. Therefore, considering this simple loading case
Table 3
List of Bergström–Boyce material model parameters identiﬁed by calibration done
at different hydrolytic degradation steps of PDO, assuming just two active para-
meters (the shear modulus m and the ﬂow resistance τbase).
Model parameters 0 Weeks 2 Weeks 4 Weeks
dh¼0.00 dh¼0.39 dh¼0.62
l – Shear modulus (MPa) 1200 1023.3 915
λL – Locking stretch 2.5 2.5 2.5
κ – Bulk modulus (MPa) 80000 80000 80000
s – Relative stiffness of
network B
0.8 0.8 0.8
ξ – Strain adjustment factor 1E6 1E6 1E6
C – Strain exponential 0. 5 0. 5 0. 5
τbase – Flow resistance (MPa) 80 259 369
m – Stress exponential 2.5 2.5 2.5
cutτ^ – Normalised cut-off stress 0.0005 0.0005 0.0005
Fig. 5. Experimental results and predictions via bilinear elastoplastic model of non
degraded PLA–PCL yarn: (a) monotonic tensile test at two displacement rates (500
and 15 mm/min) and (b) cyclic tensile test.
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not enough to justify its use since it is much more complex. A good
correlation of the linear ﬁttings of the most sensitive material
model parameters (the linear hardening rate H, in the case of the
bilinear isotropic model, and the shear modulus m and the ﬂow
resistance τbase in the case of the Bergström–Boyce model), as
function of the hydrolytic damage dh, was demonstrated, because
the coefﬁcient of determination R2 is above 0.96 for these para-
meters. These results prove that a linear law is sufﬁciently precise
to model the parameters evolution during hydrolytic degradation.
Another important aspect is the model ability to predict the
time-dependant behaviour. In Fig. 5(a), it is possible to observe
that the elastoplastic model was unable to simulate the time-
dependant response of the PLA–PCL. Using two loading cases in
the calibration procedure, corresponding to two displacement
rates (500 mm/min and 15 mm/min), the obtained coefﬁcient of
determination R2 was far from 1(one). Moreover, the predicted
mechanical behaviour is strain rate independent. In Fig. 5(b), it is
also veriﬁed that the elastoplastic model cannot simulate the
hysteric loop, commonly observed in polymers. Nevertheless, this
simple model was able to predict the plastic strain accumulated
during each cycle.
On the other hand, in Fig. 6(a), it is possible to observe that the
Bergström–Boyce model was able to simulate the time-dependant
response of the polymer in this strain rate range. Using two
loading cases in the calibration procedure, the obtained coefﬁcient
of determination R2 was very close to 1(one). This means that the
model was able to predict the mechanical behaviour of the poly-
mer at different strain rates very accurately. In Fig. 6(b), it is
observed that this model was also able to simulate hysteric loops.
Using cyclic unloading–reloading and monotonic loading cases in
the calibration, the obtained coefﬁcient of determination R2 was
still very close to 1(one).
It is also important to highlight that stress applied during the
degradation process increases the probability of bond scissions
and consequently increases the degradation rate constant u. The
inﬂuence of the mechanical environment in the degradation rate
has been reported in the literature (Chu, 1985; Miller and William,
1984). Other researchers (Muliana and Rajagopal, 2012; Soares
et al., 2010; Khan and El-Sayed, 2012) introduce the inﬂuence of
the strain ﬁeld in the hydrolytic degradation on their approaches.
However, in the present work, no loads were applied during the
degradation process. Therefore, the degradation rate u was con-
sidered constant during the whole process. In some cases, this
assumption is not valid, for example, due to a complex three-
dimensional stress ﬁeld, which evolves during the degradation
process. However, it is possible to consider that the hydrolytic
damage dh is a local internal variable, which varies along thevolume and must be calculated previously at each material point
and at each biodegradation step. However, the proposed metho-
dology applied to these constitutive models is still valid from here
forward.6. Conclusions
The computational approach presented in this work, allows the
four-dimensional modelling of biodegradable ﬁbrous structures,
where the fourth dimension is the time. These constitutive models
can be implemented in commercial ﬁnite element software, using
the present approach, for which some material model parameters
depend on the degradation damage. This enables the mechanical
behaviour simulation of a synthetic biodegradable graft for liga-
ment tissue repair during its hydrolytic degradation. As follows,
the morphology of the ﬁbrous structure can be optimised in terms
of its functional compatibility, by comparing different solutions in
terms of fabrication parameters, in a virtual environment. The
degradation proﬁle should be compatible with the tissue recovery.
However, the exact proﬁle of the tissue recovery is still unknown,
although it is estimated to take about six months.
Furthermore, the investigated models enable the estimation of
the graft laxity due to plastic strain accumulation process during
each loading cycle, which depends on the cyclic load level.
Therefore, it is theoretically possible to prescribe the correct
Fig. 6. Experimental results and predictions via Bergström–Boyce model of non
degraded PLA–PCL yarn: (a) monotonic tensile test at two displacement rates (500
and 15 mm/min) and (b) cyclic tensile test. (adapted from Vieira et al., 2014).
A.C. Vieira et al. / Journal of Biomechanics 48 (2015) 3478–34853484rehabilitation procedure, which avoids excessive laxity and con-
sequent device failure.
In this way, the discussed approach can provide new insights to
a rational design of the biodegradable synthetic grafts for ligament
tissue repair, according to mechanical and durability requirements,
enabling the pre-validation of its functional compatibility.Conﬂict of interest statement
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